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Account of the Diſcovery of a Sixth and Seventh Satellite of 
the Planet Saturn; with Remarks on the Confiruftion of its 
Ring, its Atmoſphere, its Rotation on an Axis, and its ſpheroidi- 
cal Figure, By William Herſchel, LL. D. F. R. S. 


From the PBILOSOrHICAL TRANSACTIONS. 


Read at the ROYAL SOCIETY, November 12, 1789. 


N a ſhort Poſtſcript, added to my laſt Paper on Nebulæ, I 
announced the diſcovery of a fixth ſatellite of Saturn, 
and mentioned, that I intended to communicate the particulars 
of its orbit and ſituation to the Members of the Royal Society, 
at their next meeting. I have now the honour to preſent them, 
at the ſame time, with an account of two ſatellites inſtead of 
one; and have called them the fixth and ſeventh, though their 
B ſituation 
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ſituation in the Saturnian ſyſtem intitles them, very probably, 


to the firſt and fecond place. This L have done to the end 
that in future we may not be liable to miſtake, in referring to 
former obſervations or tables, where the five known ſatellites 
have been named according to the order they have hitherto 
been ſuppoſed to hold in the range of diſtance from the planet. 

It may appear remarkable, that theſe ſatellites ſhould have 


remained ſo long unknown to us, . when, for a century and an 


half paſt, the planet to which they belong has been the object 
of almoſt every aſtronomer's curiofity, on account of the ſin- 
gular phænomena of its ring. But it will be ſeen preſently, 
from the ſituation and fize of the ſatellites, that we could 
hardly expect to diſcover them till a teleſcope of the dimenſions 
and aperture of my forty-feet reflector ſhould be conſtructed ; 
and I need not obſerve how much. we Members of this Society 
muſt feel ourſelves obliged to our Royal Patron, for his en- 
couragement of the ſciences, when we perceive that the diſ- 
covery of theſe ſatellites is intirely owing to the liberal ſupport 
whereby our moſt benevolent King has enabled his humble 
aſtronomer to complete the arduous undertaking of conſtruct- 
ing this inſtrument, 

The planet Saturn is, perhaps, one of the moſt engaging 
objects that aſtronomy offers to our view. As ſuch it drew 
my attention ſo early as the year 1774; when, on the 17th 
of March, with a 53-feet reflector, I ſaw its ring reduced to 
a very minute line, as repreſented in fig. 1. (Tab, I.) On the 
3d of April, in the ſame year, 1 found the planet as it were 
ſtripped of its noble ornament, and dreſſed in the plain ſim- 
plicity of Mars. Sce fig. 2. I paſs over the following year, in 
which, with a - feet reflector, I ſaw the ring gradually open, 
till it came to the appearance ä in fig. 3. (Tab. II.) the 

original 
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original of which was delineated from nature, on the 2oth 
of June, 1788, by means of a very good lo- feet reflector: 

It ſhould be noticed, that the black diſk; or belt, upon the 
ring of Saturn is not in the middle of its breadth; nor is the 
ring ſubdivided by many ſuch lines, as has been repreſented 
in divers treatiſes of . aſtronomy ; but that there is one ſingle, 
dark, conſiderably broad line, belt, or zone, upon the ring, 
which I have always permanently found in the place where 
my figure repreſents it, I give this, however, only as a view 
of the northern plane of the ring, as the ſituation of the 
planet has hitherto not afforded me any other. The ſouthern 
one, which is lately come to be expoſed to the ſun, will 
ſhortly be opened ſufficiently to enable me to give alſo the 
ſituation of its belts, if it ſhould have any. 

From my obſervations it appears, that the zone on the 
northern plane of the ring is not, like the belts of Jupiter or thoſe 
of Saturn, ſubject to variations of colour and figure; but is moſt 
probably owing to ſome permanent conſtruction of the ſurface 
of the ring itſelf. That however, for inſtance, this black belt 
cannot be the ſhadow of a chain of mountains, may be gathered 
from its being viſible all round on the ring; for at the ends of 
the anſæ there could be no ſhades viſible, on account of the 
direction of the ſun's illumination, which would be in the line 
of the chain; and the fame argument will hold good againſt 
ſuppoſed caverns or concavities. It is moreover pretty evident, 
that this dark zone is contained between two concentric circles, 
as all the phænomena anſwer to the projection of ſuch a zone. 
Thus, in fig. 4. which was taken the r1th of May, 1780, 
we may ſee, that the zone is continued all round the ring. 
with a gradual decreaſe of breadth towards the middle, 
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anſwering to the appearance of a narrow n ons pro- 
jected into an ellipſis. 1 26: Hp? 

As to the ſurmife; which might o occur. to us, of a e 
of the ring. or rather of two rings, one about the other, with 
a diſtance of open ſpace between them, it does not appear eli- 
gible to venture on ſo artificial a conſtruction, by way of ex- 
plaining a phænomenon that does not abſolutely demand it. 
If one ring, of a breadth ſo conſiderable as that of Saturn, 
is juſtly to be eſteemed the moſt wonderful arch that, by tlie 
laws of gravity, can be held together, how improbable muſt 
it appear to ſuppoſe it ſubdivided into narrow flips of rings, 
which by this ſeparation will be deprived of a ſufficient depth, 
and thus loſe the only dimenſion which can keep them from 
falling upon the planet? It is however true, that as yet we do 
not know of the rotation of the ring, which may be of ſuch 
a proper velocity as greatly to aſſiſt its ſtrength; and that, in 
the ſubdiviſions, of courſe the different velocities for each di- 
viſion may be equally ſuppoſed to keep them up. If the ſouthern 
plane ſhould prove to be very differently marked, it will at 
once remove every ſurmiſe of ſuch a diviſion; but if it ſhould 
offer us the ſame appearance of a dark zone, in the ſame ſitua- 
tion, and of an equal breadth with the one L have obſerved on 
the northern ſide, I would ſtill remark, that, ſince a moſt effec- 
tual, way to verify the duplicity of the ring is within our 
reach, it will be the beſt way to ſuſpend our judgement till 
that can be put to the trial. The method I, allude to is an 
occultation of ſome conſiderable ſtat by Saturn, when, if the 
ring be divided, it will be ſeen between the e as well 
as between the ring and Saturn. | 

With regard to the nature of the Ela we may Ale 
affirm, that it is no leſs ſolid and ſubſtantial than the planet 

lid * itſelf, 


itſelf. The ſame reaſons which prove to us the ſolidity of the 
one will be full as valid when applied to the other. Thus we 
ſee, in fig. 3. and 4. the ſhadow of the body of Saturn upon 
the ring, which, in fig. 3. is eclipſed towards the forth, on 
the following ſide, aud in fig. 4. about the middle, according 
to the oppoſite ſituation of the ſun. In the ſame manner we 
ſee the ſhadow of the ring caſt on the planet, where in fig. t. 
and 2. we find it on the equatorial part; and May 28, 1580, 
I ſaw it towards the ſouth. If we deduce the quantity of 
matter, contained in the body, from the powet whereby the 
ſatellites are kept in their orbits, and the time of their revolu- 
tion, it mw be remembered, that the ring is included in the 
reſult. It is alſo in a very particular manner evident, that 
the ring exerts a conſiderable force upon theſe revolving bodies, 
ſince we find them ſtrongly affected with many irregularities in 
their motions, which we cannot properly aſcribe to any other 
cauſe than the quantity of matter contained in the ring ; at leaſt 
we ought to allow it a proper ſhare in the effect, as we do not 
deny but that the confiderable equatorial elevation of Saturn, 
which I ſhall eſtabliſh hereafter, muſt alſo join in it. 

The light of the ring of Saturn is generally brighter than 
that of the planet: for inſtance, April 19, 1777, I ſaw the 
ſouthern part of the ring, which paſſed before the body, very 
plainly brighter than the diſk of Saturn, on which it was pro- 
jetted; and on the 27th of the ſame month, I found, that 
with a power of 410, my ſeven-feet reflector had hardly light 
enough for Saturn, when the ring was notwithſtanding ſuffi- 
ciently bright. Again, the 11th of March, 1780, I tried the 
powers of 222, 332, and 449, ſucceſſively, and found the 
light of Saturn leſs intenſe than that of the ring; the colour 
of the body with the high powers turning to a kind of yellow, 
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lie that of the ring ſtill remained white. The ſame reſult 
happened on June 25, 1781, with the power 466. 

I come now to one of the moſt remarkable properties in the 
conſtruction of the ring, which is its extreme thinneſs. The 
ſituation of Saturn, for ſome months paſt, has been particu- 
larly favourable for an inveſtigation of this circumſtance; and 
my experiments have been ſo complete, that there can remain 
no doubt on this head. | | 

When we were nearly in the plane of the ring, I have 
repeatedly ſeen the firſt, the ſecond, and the third ſatellites, 
nay even the ſixth and ſeventh, paſs before and behind the 
ring in ſuch a manner that they ſerved as excellent microme- 
ters to eſtimate its thickneſs by. It may be proper to men- 
tion a few inſtances, eſpecially as they will ſerve to ſolve ſome 
phænomena that have been remarked by other aſtronomers, 
without having been accounted for in any manner that could 


be admitted, conſiſtently with other known facts. July 18, 


1789, at 19 h. 419%, ſidereal time, the firſt ſatellite ſeemed 
to hang upon the following arm, declining a little towards the 
north, and I ſaw it gradually advance upon it towards the 
body of Saturn; but the ring was not ſo thick as the lucid 
point. July 23, at 19 h. 41' 8”, the ſecond ſatellite was a 
very little preceding the ring; but the ring appeared to be leſs 
than half the thickneſs of the ſatellite. July 27, at 20h. 
15' 127”, the ſecond ſatellite was about the middle, upon the 
following arm of the ring, and towards the fouth ; and the 
ſixth ſatellite on the farther end, towards the north; but the 
arm was thinner than either of them. Auguſt 29, at 22 h. 
12/-25”, the third ſatellite was upon the ring, near the end of 
che preceding arm; and my remark at the time when I ſaw it 
was, that the arm ſeemed not to be the fourth, at leaſt not the 
Third, part of the diameter of the ſatellite, which, in the 

ſituation 
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fituation ĩt was, I took to be leſs than one ſingle ſecond in dia- 
meter. At the ſame time I alſo ſaw the ſeventh ſatellite, at a 
little diſtance following the third, in the ſhape of a bead upon 
a thread, projecting on both ſides of the ſame arm: hence; we 
are ſure, that the arm alſo appeared thinner than the ſeventh 
ſatellite, which is conſiderably ſmaller than the ſixth, which 
again is a little leſs than the firſt ſatellite. Auguſt 31, at 
20 h. 48” 26”, the preceding arm was loaded about the middle 
by the third ſatellite, October 15, at o h. 43' 44“, I ſaw/the 
ſixth ſatellite, without obſtruction, about the middle of the 
preceding arm, though the ring was but barely viſible with 
my forty- feet reflector, even while the planet was in the meri- 
dian; however, we were then a little inclined to the plane of 
the ring, and the third ſatellite, when it came near its con- 
junction with the firſt, was ſo ſituated that it muſt have partly 
covered the firſt a tew minutes after the time I loſt it behind 
my houſe. In all theſe obſervations the ring did not in the 
leaſt interfere with my view of the ſatellites. October 16, I 
followed the fixth and ſeventh ſatellites up to the very diſk of 
the planet; and the ring, which was extremely faint, oppoſed 
no manner of obſtruction to my ſeeing them gradually ap- 
proach the difk, where the ſeventh vaniſhed at 21 h. 46” 44”, 
and the ſixth at 22 h. 36” 44”. 

I might bring many other inſtances, if the above were not 
quite ſufficient for the purpoſe. There is, however, ſome 
couſiderable ſuſpicion, that, by a refraction through ſome very 
rare atmoſphere on the two planes of the ring, the ſatellites 
might be lifted up and deprefled, fo as to become viſible on 
both ſides of the ring, even though the ring ſhould. be equal in 
thickneſs to the diameter of the ſmalleſt ſatellite, which may 
amount to a thouſand miles. As for the argument of its 

incredible 
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eincredible thinneſs, which ſome aſtronomers have brought 
fiom the ſhort time of its being inviſible, when the earth 
paſſes through its plane, we cannot ſet mueh value upon them; 
for they muſt have ſuppoſed the edge of the ring, as they have 
alſo repreſented it in their figures, to be ſquare ; but there is 
the greateſt reaſon to ſuppoſe it either ſpherical or ſpheroidical, 
in which cafe; evidently the ring cannot diſappear for any: long 
time. Nay, I may venture to ſay, that the ring cannot poſſi- 
bly diſappear on account of its thinneſs; ſince, either from the 
edge or the ſides, even if it were ſquare on the, corners, it 
muſt always expoſe to our ſight ſome part which is illuminated 
by the rays of the ſun: and that this is plainly the caſe, we 
may conclude from its beiug viſible in my teleſcopes, during 
the time when others of leis light had loſt it, and when evi- 
-deritly we were turned towards the unenlightened fide, ſo that 
we muſt either ſee the rounding part of the enlightened edge, 
or elſe the reflection of the light of Saturn upon the ſide of the 
darkened ring, as we ſee the reflected light of the earth on the 
dark part of the new moon. I will, however, not decide 

which of the two may be the caſe; eſpecially as there are 
other very ſtrong reaſons to induce us to think, that the edge 

of the ring is of ſuch a nature as not to reflect much light. 
cannot leave this ſubject without mentioning both my own 

former ſurmiſes, and thoſe of ſeveral other aſtronomers, of a 
ſuppoſed roughneſs in the ſurface of the ring, or inequality in 

the planes and inclinations, of its flat ſides. They aroſe from 
ſeeing luminous parts on its extent, which were ſuppoſed to be 
projecting points, like the moon's mountains; or from ſecing one 
arm brighter or longer than another; or even from ſeeing one 
arm when the other was inviſible. I was, in the beginning of 
this ſeaſon, inclined to the ſame opinion, till one of theſe ſup- 
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poſed luminous points was kind enough to venture off the edge 
of the ring, and appeared in the ſhape of a ſatelhite. Now, as 
I had collected every inequality of this ſort, it was eaſy enough 
for me afterwards to calculate all fuch ſurmiſes by the known 
periodical time of the firſt, ſecond, third, ſixth, and ſeventh 
ſatellites; and I have always found that ſuch appearances were 
owing to ſome of theſe ſatellites which were either before or 
behind the ring. The 2oth of October, for inſtance, at 
22 h. 35" 46”, I faw four of Saturn's ſatellites all in One tour, 
and at almoſt an equal diſtance from each other, on the fol- 
lowing fide; and yet the firſt ſatellite, which was the fartheſt 
of them all, was only about half-way towards its greateſt elon- 
gation from the body of Saturn, as may be ſeen in fig. 5. (Tab. 
III.). How eafily, with an inferior teleſcope, this might have 
been taken for one of the arms of Saturn, I leave thoſe to gueſs 
who know what a degree of accuracy it muſt require to diſtin- 
guiſh objects that are ſo minute, and at the ſame time ſo faint, 
on account of their nearneſs to the diſk of the planet. Upon 
the whole, therefore, I cannot ſay, that I had any one inſtance 
that could induce me to believe the ring was not of an uniform 
thicknefs ; that is, equally thick at equal diſtances from the 
center, and of an equal diameter throughout the whole of its 
conſtruction. The idea of protuberant points upon the ring 
of Saturn, indeed, is of itſelf ſufficient to render the opinion of 
their exiſtence inadmiſſible, when we conſider the enormous 
fize ſuch points ought to be of, for us to ſec them at the diſ- 
tance we are from the planet. 

From theſe ſuppoſed luminous points I am, by impercep- 
tible ſteps, brought to the difcovery of two ſatellites of Saturn, 
which had eſcaped unnoticed, on account of their little diſtance 


from the planet, and faintneſs; which latter is partly to be 
C aſcribed 
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aſcribed to their ſmallneſs, and partly to being ſo near the 
light of the ring and diſk of Saturn. Strong fuſpicions of 
the exiſteuce of a ſixth ſatellite T have long entertained ; and, 
if 1 had been more at leiſure two years ago, when the difco- 
very of the two Georgian ſatellites took me as it were off the 
ſcent, I ſhould certainly have been able to announce its exiſt- 
ence as early as the 19th of Auguſt, 1787, when, at 22 h. 
18“ 56”, I faw, and marked it down as being probably, a 
fixth ſatellite, which was then about 12 degrees paſt its greateſt 
preceding elongation. But, as I obſerved before, not having 
time to give my thoughts to the ſubject, I reſerved a full in- 
veſtigation of the number of fatellites, and the nature of the 
ring of Saturn for a future opportunity. Beſides, not having 
any tables of the ſatellites, I could not confidently fay, whether 
the fifth ſatellire was not one of the five which I perceived in 
motion that night, though afterwards I found, that the real 
fifth had alſo been in view, and was marked down as a ſtar, 
by the letter 6, in a figure I delineated of Saturn and its ſatel- 
lites that evening. | 
In the year 1788 very little could be done towards a diſco- 
very, as my twenty-feet ſpeculum was ſo much tarniſhed by 
zenith ſweeps, in which it had been more than uſually expoſed 
to falling dews, that I could hardly ſee the Georgian fatellites. 
In hopes of great ſucceſs with my forty-feet ſpeculum, I de- 
ferred the attack upon Saturn till that ſhould be finiſhed ; and 
having taken an early opportunity of directing it to Saturn, 
the very firſt moment I ſaw the planet, which was the 28th 
of laſt Auguſt, I was preſented with a view of fix of its ſatel- 
lites, in ſuch a ſituation, and fo bright, as rendered it impoſ- 
ſible to miſtake them, or not to ſee them. The retrograde 
motion of Saturn amounted to nearly 44 minutes per day, 
which 
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which made it very eaſy: to aſcertain whether the ſtars, I took 
to be ſatellites really were ſo ; and, in about two hours and an 
half, I had the. pleaſure of finding, that the planet had viſihly 
carried them all away from their places, I continued my ob- 
ſervations conſtantly, whenever the weather would permit; and 


the great light of the forty- feet ſpeculum was now of ſo much 


uſe, that I, alſo, on the ,17th of September, detected the 
{eveuth ſatellite, when, it was at its greateſt. preceding clon - 
gation. ; 

As ſoon as 1 bad obſervations enougli to make tables of ha 
motion, of theſe. new ſatellites, I calculated their place back» 
wards, and. ſoon found that many ſuſpicions of theſe ſatellites, 
in the ſhape of protuberaut points on the arms, were con- 
firmed, and ſerved to correct the tables, ſo as to render them 
more perfect. Fig. 6. repreſents the ſeven ſatellites of Saturn, 
as they were ſituated October 18, at 21 h. 22 45”. The 
ſmall ſtar ſerved to ſheẽ the motion of the planet in; a ſttik- 
ing manner; as, in about 31 hours after the above- mentioucd 
time, the whole Saturnian ſyſtem was completely moved away, 
ſo as to leave the ſtar 5 as much following the ſccond and firſt 
ſatellites, which then were in conjunction, as it now was before 
the ſecond. 

By comparing together many obſervations of the ſixth ſatel- 
lite, I find, that it completes a fidereal revolution about Sa- 
turn in one day, 8 hours, 53' 9”. And if we ſuppoſe, with M. 
DE LA LAN DE *, that the fourth is at the mean diftance of 3 
from the center of Saturn, and performs one revolution in 
15 d. 22 h. 34 38“, we find the diſtance of the ſixth, by 
KEPLER's law, to be 35 „058. Its light is conſiderably ſtrong, 
but not equal to that of the firſt ſatellite; for, on the 20th ot 
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"O&tober, at, 19h, 56 46”, , when, theſe, two, ſatellites, were 
= aced : as.in_fig. 7, the ell, notwithſtanding i it was nearer the 
HO than che bxth, was ftill viſibly brighter than the latter. 
t would, however, be worth while to try whether a good 
achromatic teleſcope, of a large aperture, might not poſſibly 
thew it at the time of its. greateſt iſtancs from the planet, 
aud when x no other ſatellite is near; that is, provided it will 
thew | the other five fatellites with great caſe, as otherwiſe there 
will he n. no reaſon to expect it ſhould ſhew, thefixth. 1-14» 
In the period of this ſatellite F have employed the Ader 
tion of the 19th. of Auguſt, 1787. as, from other calcula» 
tions, it ſeems the revolution is ee en to 
reach bac ſo far. 5 110 u 0: } 
he moſt diſtant 8 of the, Gant ſatallite, being 
compared together, ſhew, that it makes one ſidereal revolution 
in 22 hours, 40 minutes, and 46 ſeconds: and, by the ſame 
data which ſerved to aſcertain the dimenſion of the orbit of 
the ſixth, we have the diſtance of the ſeventh, from the cen- 
ter of , hay no more than 27306. It is incomparably ſmal- 
ler than the ſixth; and, even in my forty- feet reflector, ap- 
pears no bigger than a very ſmall lucid point. I ſee it, how- 
ever, alfo very, well in the twenty-feet reflector; io which the 
ex auilite te figure of the, ſpeculum not à little contributes. It 
muſt nevertheleſs be remembered, that a ſatellite} once diſco · 
vered is much eaſier to be ſeen than it was before we were 
acquainted \ with its place. 20 Sr Let 
The revolution of this ſatellite 18 not n lo. well aſcer- 
tained as that of the former. The difficulty of having a num- 
ber of, obſervations 18 uncommouly great; for, on account of 
the ſmallnels of its orbit, the ſatellite lies generally before and 
N the planet and its ring, or at. leaſt ſo near them that, 


except 
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except in very fine" weather, it cannot eaſily be oy well 


enough to "rake its place with accuracy. On The other band, 
the 9 drag mp allow 5 men for wiſtakir 


divide the enen arife from Wpeften eflimations.” og 

The orbits of theſe t ſatellites, as appears from many 
obſetviriotis'of them, are exactly im the plane of the ring, or 
ar leaſt devitife 16 little from ir. That che difference cannot b. 
perceived. It is true, there is a poſſibility that the ling of 
their nodes may be in, or near, the preſent greateſt elongation, 
in which caſe the orbits may Have fome ſmall” inclination; bur 
as I bave repeatedly ſeen them rum along the very minute arms 
of the ring, even then the deviation cannot amount to more 
than perhups ohe or two degrees; if, on the contrary, the 
nodes ſhould" de fituated near the conjunction, this quantity 
would be fo conſiderable that it — not have eſcaped | my 
obſer vation 1 

From the ring and ſatellites of Saturn we now turn our 
thouphts'to the planet, its belts, and its figure. 
April 9 775. obſerved a northern belt on Saturn, which 
wis a Hetle melined to the line of the ring. © 
May Md "1776. There was another belt, inclined" about 15 de- 
1 gtees to the ſame line, but it was more to the 

ſouth, and on the following f ſide came up to the 
place in which the ring crofles the body. 
July + I 3 — The belt was again deprefſed towards 
north, almoſt touching the line Where the 4 


paſſed behind the body; wit 
_— b n There were two fine belts, both a nile in 
* irre 7, BR _ 211 ann 


0 
iI 6e. 1 1414 M1] "fu 2 
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n 20, ah 05 There were two belts, parallel to the ting; 
6 but the northern one had. ſome faint, cloudy 
appearance, towards the preceding. ar weſtern ſide. 
May 11, 1779. Two equatorial beltds. 
— 13. — A bright belt over a dark one. 
— 22, — One dark, and one very faint white belt. 
— 23, —— A dark belt, and a pretty bright white one. 
Jan. 21, 1780. Two belts; the moſt north clouded. 


232, Urne Faint belts. 9 91015 od 37? 4 10 1 4 — 
May 17, —— A dark, equatorial belt, ld king 
— 23, —— A Itrong, equatorial 4 eee 


June 19, at 10 h. 15, With a new, excellent ſeven feet ſpe- 
culum, I ſee. two belts, and a cloudy appearance, 
which is not come up to the middle; but, as it is 
a large figure, ſome part of it is already paſt the 
center (this is, provided Saturn turns upon ity} axis 
the ſame way as een does). See fig. 8. where 
the ring is omitted. 301d mas 
june 20, 1780. 10 h. 100, The Ge Ggure i is ou the diſks; but 
ſeems to be more central than it was yeſterday. 
ok. 219 b. 25% The ſame two belts; a ſtrong, dark ſpot, 
THe near the margin of the Alk ſee ßig. 9. ring not 


neh 5 \ expreſied, 15 lie 
„ 10 h. 1“, The ſpar a * it was at 
Sb. een Mie l e ie 44 
> 26, Small twentyofeet teleſcope; an equatecaL.el, and 
another leſs marke. we 
29; Two dark equatorial belts, 1:1: 3} 301 


Apgil 19, Iwo belts, 1 
Auguſt 23, Two belts, a little decluing from ho equatorial 
poſition. 


Auguſt 


* en the Planet Salurn, I's" 

Auguſt 26; A broad belt much inclined; with 200, 250, 

12412 © 1-266; $00, * —— wy a ſecond and of a 
_ £115 rd ett: e 

— 27, The belts ef inelined. FR Al 

Sept. 2, A darkiſh belt, but very tees inelined; and a fine 

white belt, cloſe to the ring. | 
— Fp. The belt a little eee Pos A” 4. 
— 6, The belt not inclined, . | 
— 8, The bright belt cloſe to thei ring, and two dark equa» 
* © - toriab belts. | 

It will not be neceſſary to continue the account of theſe 

belts up to the preſent time; but I have conſtantly obſerved 

them, and found them generally in equatorial ſituations, though 
now and then they were'otherwiſe. 

We may draw two coneluſions from what has been reported. 
The firſt, whieh' relates to the changes in the appearance of 
the belts, is, that Saturn has probably a very eonſiderable atmo- 
ſphere, in which theſe changes take place; juſt as the altera- 
tions in the belts of Jupiter have been ſhewun, with great pro- 
bability, to be in his atmoſphere. This has alſo been con- 
firmed by other obſervations: thus, in occultations of Saturn's 
ſatellites,” have found them to hang to the diſk a long while 
before they would vaniſh. And though we ovglit to make ſome 
allowance for the encroachment of light, whereby a ſatellite 
is ſeen to reach up to the diſk ſooner than it actually does, 
yet, without a confiderable refraction, it could hardly be kept 
ſo long in view after the apparent contact. The time of 
hanging upon the diſk, in the ſeventh ſatellite, has actually 
amounted to 20 minutes. Now, as its quiek motion during 
that interval carries it through an "arch of near fix degrees, we 
find, that this would denote a refraction of about two ſeconds, 

provided 
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provided the encroaching of light had no ſhare in the effect. 
By an bbſervation of the ſixth ſatellite, the refraction of Sa- 
turn's atmo! phere amounts to nearly the ſame quantity; ; for.this 
ſatellite remained about 14 or 15 minutes lopger in view than 
it ſhould have done; and as it moves about 23 degrees i in that 
rime, and its orbit is larger thau that of the ſeventh, the 
difference is inconſiderable. It is not my, preſent ; intention to 
enter into a conſideration of the amount of. theſe refraQtions, 
otherwiſe we might perhaps fiud- data enough to ſubject them to 
ſome calculation. But what has been ſaid will ſuffice to ſhew, 
that very probably Saturn has an atmoſphere of a conſiderable 
denſity» 8 iu sd ee II erung, em off 

The next inference we may draw. from the appearance cf 
the belts on Saturn is, that this planet turns upon an axis which 
is perpendicular to the riug. The arrangement of the belts, 
during the courſe of fourteen years that I have obſerved them, 
has always followed the direction of the ring, which is what 
L have called being equatorial. Thus, as the ring opened, the 
belts began to advance towards the ſouth; and to ſhew an in- 
curvature anſwering to the projection of an equatorial line, or 
to a parallel of the ſame, When the ring cloſed up, they 
returned towards the north ; and are now, while the ring paſſes 
over the center, exactly ranging with the ſhadow of it on the 
body; generally one on each ſide, with a white belt cloſe to 
it. When I ſay, that the belts have always been equatorial, 
I paſs over trifling exceptions,” which certainly were owing to 
local cauſes. The ſtep from equatorial belts to a rotation on an 
axis is ſo eaſy, and, in the cafe of Jupiter, ſo well aſcertained, 
that I ſhall not heſitate to take the fame conſequence for granted 
here. But, if there could remain-a doubt, the obſervations of 


194 nov! June 
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"IP * on the Planet 1 Keen. des wa 142 
180 19, 20, a and 21, 1780, where the ſame ſpot. was tos i in 
- three different ſituations, would remove it completely. * 

There is auother argument, of equal validity with the for: 

mer, which now I ſhall bring on. It is founded upon the fol- 
lowing obſervations, and will ſhew that Saturn, like Jupiter, 
Mars, and the Earth, is flattened at the Poles ; aud therefore 
ought to be ſuppoſed to turn on its axis. 


July 22, e I thought Saturn was not exactly round. 

ny 31, gu It appears as if the body of Saturn was at 
leaſt as much flattened as that of Jupiter: but at 
the ring interferes, this may be better aſcertained 
eight years hence. 

Aug 'B, 1787. The body of Saturn is of EPR) diamo- 

ters, the mee one being the longeſt. 

Sept, 14, 1789, 23 h. 36' 327. Having reſerved the exami - 
nation of the two diameters of Saturn to the pre- 
ſent as the moſt favourable time, I meaſured them 
with my twenty- feet reflector, and a good parallel- 

wire micrometer. 


Equatorial diameter, 11t meaſure, 21,94 
ERS 23,11 


es + 33674 
MB, is; {+ 1; 2266 


Mean 22,81 f 


polar diameter, 1ſt meaſure, 20, 57 8 | 
2d . . . 20, I O f 1 . 
Ante 1,62 Bk 16 


Mean 20,61 
D By 
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By this it appears that Saturn is conſiderably flattened at 
the poles, And as the greateſt meaſures were. taken in the line 
of the ring and of the belts, we are aſſured that the axis of 
the planet is perpendicular to the plane of the ring; and 
that the equatorial diameter is to the polar one nearly as 11. 
to 10. 

We may alſo infer the real diameter of Saturn from theſe 
meaſures, which are perhaps more to be depended upon than 
any that have hitherto been given. But as in my journal I 
have meaſures that were repeatedly taken theſe ten years paſt, 
not only of the diameter of Saturn, but of the ring, and its 
opening, whereby its inclination. may be known; as well as of 
the diſtance of the fourth, and fifth, and other ſatellites, 
which will be of great uſe in aſcertainiug the quantity of mat- 
ter contained in the planet, I referve a full inveſtigation of 
theſe things for another opportunity; ſince, from the date of 
this Paper, it will be ſufficiently evident, that there can be no 
time for me to enter properly into the ſubject. 

One beautiful obſervation of the tranſit of the ſhadow of the 
fourth ſatellite over the diſk of Saturn, I muſt add, to con- 
clude this Paper. 

. Laſt night, November 2, 1789, at 23 h. 1 3 ſidereal time, 
being always in queſt of any appearance that may afford the 
means of aſcertaining the rotation of Saturn on an axis, 1 
diſcovered a black ſpot” on the following margin of the diſk 
of that rie, 

At 23 h. 21', I perceived a protuberance on the ſouth pre- 
ceding edge of the diſk, which I ſuppoſed to be the fourth 
ſatellite going to emerge. 


At 


on the Planet Saturn; 19 

At 2, T found that the black ſpot had advanced a little 
towards the preceding fide. | 

At zo“, with a power of 300, I found it ſtill advancing. 
and ſaw that the ſpot was a little to the north of the equatorial. 
belt, but ſo that a ſmall part of it was upon the belt. 

At 3; ', the black ſpot was a little more than one- eighth of 
the diameter of Saturn advanced from the following edge 
towards the center. 

At 39 „the ſatellite was detached. 

At 497, the ſpot was advanced ſo as to be about one-third of 
its way towards the center; and the fourth ſatellite near half: 
its own apparent diameter clear of the edge. 

In this ſituation of the planet I took an eye-draught of it, (fee 
fg. 10.) as it appeared with the black ſpot on the belt; the lately 
emerged fourth ſatellite; two parallel dark belts, the inter- 
mediate ſpace between them and the equatorial one being a little 
brighter than the reſt of the diſk ; the ſixth, third, and ſecond 
ſatellites on the preceding fide ; the ring projecting like two 
very ſlender lines on each fide of the diſk,.. and containing the 
firſt ſatellite upon the following arm, with the fifth at a con- 
fiderable diſtance following, 

At o h. 5", the black ſpot was got a little more than half 
way towards the center. It was much darker than the belt, 
and more Aw it than before. 

At 1h. 2“, by advancing gradually towards the ſouth, it 
was now almoſt intirely drawn upon the equatorial belt, 

At 1 h. 137, the black ſpot approached towards a central 
ſituation. 

At 1 h. 21' 51”, it was perfectly central, and at the ſame 
time upon the middle of the equatorial belt, 

I followed 
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I followed the ſhadow of the ſatellite with great attention 

-up to the center, in order to ſecure a valuable epocha, which 

may ſerve to improve our tables of the mean motion of this 
: 


WILLIAM HERSCHEL. ' 


Slough, near Windſor, 
November 3, 1789. 
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